The Koegel Fontein Igneous Complex in the Western Cape Province of South Africa is a high-level granitesyenite intrusive suite with minor plugs and dykes of felsic and mafic composition. Age dating and field relations show that the felsic rocks intruded as two sequential series, beginning with syenites and the Kerskloof suite of felsic dykes (andesite-trachyandesite, trachyte-rhyolite) at about 144 Ma, followed by the 
Introduction
The breakup of Western Gondwana in the early Cretaceous was preceded by intense magmatic activity involving the formation of igneous complexes, dyke swarms and the Paraná-Etendeka flood basalt province (e.g., Peate, 1997) . Silicic magmas form a significant part of the total magmatic activity, both as volcanic units in the Etendeka province (Ewart et al., 1998b; Marsh et al. 2001) and as large composite intrusive complexes. The latter are prominent in the Damaraland of NW-Namibia and have been extensively studied (e.g., Harris, 1995; Trumbull et al., 2004) . The Koegel Fontein Complex (30°59'05"S; 17°59'11.24"E) is the only felsic intrusive complex known to have formed during the early Cretaceous event south of Namibia, although dolerite dykes of that age ( Fig. 1 ) occur along the coast as far south as Cape Town (Reid, 1990; Trumbull et al., 1997; Backeberg et al., 2011) . Jansen (1960) produced a detailed map of the Koegel Fontein Complex (Fig. 2) and he distinguished Koegel Fontein intrusive units from the surrounding granite gneisses Gariep Belt is characterised by thrusting to the south east of supracrustal cover sequences and basement gneisses (Porada, 1989; Gresse et al., 2006) . The Pan-African event also caused tectono-metamorphic overprinting of Namaqua gneisses in the study area (de Beer et al., 2002) .
The break-up of Western Gondwana is the most important event with respect to formation of the Koegel Fontein Complex. Watkeys (2006) divided the fragmentation of Gondwana into five stages, with the magmatism and the initial rifting of Western Gondwana falling in stages three (155-135Ma) and four (135-115Ma), respectively. During stage three, movement along the Gastre Fault System and the AgulhasFalkland fracture zones at the southern tip of South Africa may have caused fractures to propagate northwards along pre-existing faults that formed during the Namaqua and Pan-African events. These structures seem to have been important for localising the intrusion of Koegel Fontein, and some of the regional dolerite dykes in the Cape Peninsula (Trumbull et al., 2007) . Rifting and continental separation occurred during stage four when the orientation of the plates changed and the Tristan Plume intersected weakened, thinned crust (Watkeys, 2006) . Breakup-related magmatism varies in volume from north to south along the South Atlantic rift. Due presumably to the extra heat and dynamic upwelling of the Tristan Plume, the highest magma flux is in the north, represented by the Walvis Ridge offshore and the Paraná-Etendeka large igneous province onshore (Peate, 1997) . Both the intensity and diversity of breakup-related magmatism decrease south of the Paraná-Etendeka province. Apart from the Koegel Fontein complex, the only known igneous rocks of this age are dolerite dykes which occur all along the margin as far south as the Cape Peninsula. Well after continental separation in the late Cretaceous and Palaeogene, a second episode of magmatism affected the Cape Peninsula, forming scattered dykes and plugs of alkaline to ultrabasic composition (Janney et al., 2002; 2010) . Associated with this late event are small olivine melilitite and nephelinite dykes and plugs in the northern part of the study area, which were described by McIver (1981) .
These intrusions, termed the Biesiesfontein Suite by De Beer et al. (2002) , intruded the Reitpoort granite along a N-S striking shear zone (Fig. 2) . Further north along the same structure, about 10 km north of Rietpoort town, is the Sandkopfsdrif Complex (Fig. 2 ) of alkaline dykes, carbonatite and deeply-weathered, brecciated bodies of glimmerite with olivine melilitite fragments.
Geology of the Koegel Fontein Complex
The Koegel Fontein complex was emplaced at the intersection of two shear zones, one trending north-south and the other northeast-southwest. The north-south lineament appears to be an ancient, large-scale zone of crustal weakness (de Beer et al., 2002) . The host rocks of the Koegel Fontein complex are felsic gneisses of the Mesoproterozic Namaqualand province. The Jakkelshoek Granite gneiss forms the roof rocks of the complex (de Beer al., 2002) and it displays varying degrees of contact metamorphism and fenitisation, whereby the fenitisation is strongest along fractures in the centre of the complex (de Beer and Armstrong, 1998) . Hand specimens and thin sections from the sparse outcrops of the Jakkeshoek Granite show varying degrees of carbonate, chlorite and epidote alteration. Some samples also contain secondary aegirine.
The Koegel Fontein complex consists of a variety of intrusive rock types (Fig. 2) . These can be divided into a felsic and mafic association, each of which has plutonic and dyke components. Felsic plutonic bodies dominate the complex, mainly the very large Rietpoort Granite which has about 20 km exposed diameter (Fig. 2) . Smaller plutonic intrusions include syenites, the Rooivleitjie granite and the Zoet Rivier diorite plug. The hypabyssal dyke rocks comprise the Kerskloof suite (mainly microsyenite, bostonite, trachyte), the quartz porphyry dykes (rhyolitic quartz-feldspar porphyry, quartz porphyry), and two mafic suites: alkaline and tholeiitic. A third group of dykes relevant to the study are regional dolerite dykes, which occur in many locations along the Atlantic coast of southern Africa and farther inland (e.g., Trumbull et al., 2007) including the vicinity of Koegel Fontein. Differences in strike orientation and dyke width distinguish the regional dolerites (e.g., the Garies swarm NW of the complex, Fig. 1 ) from alkaline mafic dykes associated with the complex, whereas some of the tholeiitic dykes share the same strike direction as the regional dolerites (de Beer et al. 2002) . Regional aeromagnetic data reveal a strong positive magnetic anomaly centred on the Koegel Fontein complex (inset, Fig. 2 ). Since granite makes up by far the majority of the complex at surface and should not contrast greatly in magnetic properties from felsic gneisses of the Namaqualand basement, this positive magnetic anomaly suggests the presence of mafic rocks beneath the complex, from which the dykes and dolerite plugs may be derived (see discussion).
Felsic units in the Koegel Fontein Complex were emplaced in two phases. The first involved the intrusion of the 144.4 ± 2 Ma syenites (de Beer et al., 2002) . Field relationships indicate that the Roovleitjie granite and the Kerskloof felsic dykes also intruded in the first phase (de Beer et al., 2002) . The initial magmatism at Koegel Fontein therefore appears slightly older than that found in the Paraná-Etendeka Large Igneous Provice (128-138Ma; Ewart et al., 1998a; Trumbull et al., 2007) . The second intrusive phase began with a swarm of quartz porphyry dykes, which are observed to cut the Kerskloof dykes and to be truncated by the Rietpoort granite pluton. The zircon ages of granite and quartz porphyry dykes are indistinguishable at 133.9 ± 1 Ma, but field relationships show that the quartz porphyry is older than the granite (de Beer, et al 2002) . The mafic dykes and Zoet Rivier diorite plug have not been dated but field relations indicate that the mafic intrusions postdate the 144.4 ± 2 Ma rocks and predate the 133.9 ± 1.3 Ma quartz porphyries and granite.
Descriptions of the Koegel Fontein units

Rietpoort granite
The Rietpoort granite (De Toren Pluton of Jansen, 1960) makes up the bulk of the Koegel Fontein Complex.
It is a homogeneous medium to coarse-grained (> 5mm) pluton with few enclaves or xenoliths. The granite is a relatively shallow intrusion as evidenced by miarolitic cavities, but these are few in number and together with the lack of aplite or pegmatite veins, indicate that the granite magma was relatively dry (de Beer et al., 2002) . Mineralogically the granite consists of quartz (35-40 vol.%), and about 60 vol.% feldspar (orthoclase, microperthite and albite-oligoclase), with minor amounts of biotite, hornblende, opaque phases, zircon and apatite. Granophyric intergrowths are common and the feldspar is commonly slightly turbid (Fig. 3a) . Jansen (1960) reported rare feldspar phenocrysts with Rapakivi texture from the Rietpoort Granite.
Syenite
There are several small plugs and stocks of syenite in the northern, central and southern parts of the Koegel Fontein complex, the largest of which is the 10 km 2 Sandkop Syenite (Fig. 2 ) from which the samples studied here were obtained. The Sandkop Syenite is medium-to coarse-grained and consists of orthoclase, oligoclase, microperthite, hornblende, biotite, apatite and zircon (Fig. 3b) . The smaller outcrops and plugs consist of biotite syenite, and some small plugs in the centre of the complex, 20m in diameter, consist of aegirine syenite and fenite (de Beer et al., 2002) .
Rooivleitjie Granite
The Rooivleitjie Granite is a small plug about 2 km to the east of the Sandkop Syenite. The characteristically reddish, granophyric Rooivleitjie Granite is coarse-grained and consists of about 70 vol. % feldspar (orthoclase and microperthite) and 20 vol. % quartz, with biotite and hornblende as mafic phases, and accessory zircon and opaque minerals (Fig. 3c ). Turbid feldspar, chloritized biotite and hornblende and secondary epidote and calcite are evidence of hydrothermal alteration. The granite is thought to have intruded at the same time as the syenites as it is cut by one of the Kerskloof dykes.
Kerskloof suite
The Kerskloof suite is a series of dykes which were grouped together as microsynenite or bostonite by de Beer et al. (2002) owing to their felsic composition and distinctive trachytic texture with subparallel laths of feldspar aligned parallel to the dyke walls. Chemical analyses show that the suite includes a range of compositions from andesite through trachyandesite and trachyte to rhyolite. Distinctive of the Kerskloof dykes are a relatively narrow width, typically around 1m , rarely up to 5 m), trends of E-W to ENE-WSW and near-vertical dips (de Beer et al., 2002) .. The dyke rocks are fine-grained and holocrystalline, generally equigranular. Granophyric texture is common in the more coarse-grained rocks and the groundmass in some of the fine-grained dykes has a quench texture. The groundmass is made up mostly of feldspar (60-70 %), with up to 20 % quartz in the more silica-rich samples. and minor biotite, zircon and opaque minerals. Some dykes contain primary and secondary aegirine-augite, the latter occurring in veins. More common secondary minerals are carbonate, chlorite and epidote, which are present to varying degrees in all samples.
Quartz porphyry dykes
The quartz porphyry dykes are light grey or reddish orange when weathered. Compared with the Kerskloof suite, the quartz porphyry dykes are thicker, mostly 3-10 m and up to 20 m wide (de Beer et al., 2002 (Fig. 3d) . Quartz locally shows the bipyramidal high quartz morphology. The groundmass ranges from phaneritic to aphanitic in texture.
Primary groundmass phases are quartz (to 30 %), feldspar (to 60 %), choritized biotite (to 15 %), minor zircon and opaque phases. Secondary minerals are carbonate (locally up to 10 %), chlorite, sericite and epidote.
Zout Rivier diorite
The Zout Rivier diorite forms a small stock or plug about 80m in diameter in the eastern part of the complex.
Several tholeiitic mafic dykes are spatially associated with this plug and may be related to the same magmatic source (de Beer et al., 2002) . The diorite is older than the Kerskloof felsic dykes and quartz porphyry dykes as it is cut by both rock types (de Beer et al., 2002) . In the field, the Zout Rivier plug is distinguished by an area of reddish sand with a few poor outcrops in the centre. The rock is medium-grained 
Mafic dykes
In addition to dolerite dykes grouped as regional (or Garies) dykes (here termed regional dolerites), two groups of mafic dykes are associated with the Koegel Fontein complex. These were distinguished by different strike direction, spatial distribution and mineralogy by de Beer et al. (2002) . The first group, of tholeiitic dykes, strike N-S to NNW-SSE, are <2 metres wide, and occur mostly near the Zout Rivier plug, suggesting a possible genetic relationship (Fig. 2) . These dykes contain up to 5 vol.% phenocrysts, which are mainly plagioclase (to 70 vol.% of the total phenocryst population), clinopyroxene (to 30 vol.%), and minor olivine (Fig. 3e) . Many of the samples are altered, with chlorite, epidote and carbonate minerals. The second group comprises mafic alkaline mafic dykes, which were emplaced along NE-SW striking fractures, commonly the same ones that host the Kerskloof dykes (de Beer et al., 2002) . Like the tholeiite group, alkaline dykes are fine-grained porphyritic rocks. They contain up to 10 vol.% phenocrysts comprising variable proportions of clinopyroxene and plagioclase (Fig. 3f) Pb ratios. 
Methods
Concentrations
Results
Major and trace element variations
Composition of mafic units
The Koegel Fontein mafic units include the Zout Rivier diorite plug and dykes of tholeiitic to alkaline basaltic character. The tholeiitic dykes range from basalt to basaltic andesite on the TAS diagram (Fig. 4b) .
They have about 45-55 wt.% SiO 2 and 2 to 10 wt.% MgO. The Zout Rivier dolerite is represented by sample CCK-11 (black star). Poor outcrop and strong surface alteration prevented better coverage. The Zout Rivier sample is compositionally similar to the less-evolved tholeiite dykes in major and trace elements (Figs. 5 and 6), but it has higher incompatible element contents (K, Ti, P, Zr, Sr). An interesting feature of the tholeiite dyke samples is an apparent division into two groups in the TiO 2 vs. SiO 2 diagram (Fig. 5b) . One group, has TiO 2 < 2 wt.% and these samples overlap on the plot with most but not all regional dolerites. The second group of samples, with 2 to 4 wt.% TiO 2 ,overlaps with the alkaline basaltic dykes and follows the same variation trend defined by the less-silicic members of the Kerskloof dykes.
The alkaline basaltic dykes plot on the TAS diagram (Fig. 4b ) across the fields of foidites, tephrite to phono-tephrite and trachyandesite. Note that the high total-alkali content of these dykes is controlled by high K 2 O (maximum 5.5 wt.%, see Fig. 5d ), whereas their sodium contents (not shown) overlap with those of the tholeiite dykes. The regional dolerites (asterisk symbols) are more homogeneous and less differentiated (lower MgO, higher SiO 2 ) compared with the mafic dykes from the complex. Further comparisons of the mafic dykes and the regional dolerites are made on incompatible trace element plots of Zr, Nb and Y (Fig. 7a,b) . The data clearly distinguish two series, with especially strong contrast in Y/Nb (Fig. 7a) . The one series, with Y/Nb =3, includes most tholeiitic dykes, all regional dolerites and the Zout Rivier plug. The other series has Y/Nb = 0.1 and it comprises most of the alkaline mafic dykes as well as some of the tholeiitic dyke samples. The same two groups are distinguished by Zr/Nb (Fig. 7b ). Since the ratio of highly incompatible elements like Y and Nb is insensitive to fractional crystallisation, the contrasts in Nb-Zr-Y ratios indicate that there are two distinct magma types in the mafic units of Koegel Fontein, although they do not correspond exactly to the division of alkaline and tholeiitic dykes. Chondrite-normalised REE patterns of the tholeiitic and alkaline mafic dykes are not distinctly different ( Fig. 8c ) with the exception of one alkaline dyke (sample CDB329), which has a steeper pattern than the others. The REE patterns of regional dolerites are indistinguishable from those of the Koegel Fontein tholeiite dykes, but the latter are more variable and most samples have higher REE abundances.
After-the-fact examination of the compositional ranges shown by the alkaline and tholeiitic dykes (Figs. 5, 6, 7) suggests that the field designation of some samples should be revised. We elected not to do this because of the large scatter in both groups of samples and the real possibility of overlap. We retain the names given for these units on the published geological maps (De Beer et al., 2002) .
Felsic units
Felsic magmas of a plutonic and dyke association make up the bulk of the Koegel Fontein complex (Fig. 2) .
The three plutonic units Rietpoort granite Rooivleitjie granite and Sandkop syenite are each distinctly different compositionally and well-separated in the TAS diagram (Fig. 4b) . Compared with these, the two groups of felsic dyke rocks: quartz-porphyry and Kerskloof dykes, are much more variable in composition, but they can be distinguished in terms of silica and total alkaline contents (Fig. 4b) . Quartz porphyry dykes have high silica contents (72 to 80 wt.% SiO 2 , volatile-free) and they plot in the rhyolite field on the TAS diagram (one exception). The Kerskloof dykes have less than 72 wt.% SiO 2 , and with one exception, they are richer in alkali elements than the quartz porphyry, plotting in the trachy-andesite to trachyte fields on the TAS diagram. Plots of major element variations with silica ( Fig. 5) series. In terms of their alkali-alumina ratios the felsic units classify as metaluminous to weakly peraluminous but there is some ambiguity to this ratio based on the possible mobility of alkali elements by alteration.
The felsic units in general, and the dykes in particular, show wide ranges in trace element content and poor correlations with SiO 2 and other major element oxides (Fig. 6 ). Considering the petrographic evidence for alteration, it is possible that some of the compositional scatter is due to alteration. Hydrothermal alteration affects fluid-mobile elements hosted in feldspars and mica (e.g., Rb, Ba, Sr) more than elements of higher charge density hosted in less-soluble minor and accessory phases (e.g., Ti, Zr, Nb, Y, REE, Th). If alteration were a major factor, ratios of fluid-mobile vs. less-mobile elements (Rb/Y, Ba/Nb) should vary with volatile content, but we see no such dependence. Also, the scatter in many of the interelement plots (e.g. Fig. 6c ) is not significantly reduced by limiting samples to low volatile content (< 2 wt.% LOI). We conclude that hydrothermal alteration may have contributed to element variations in the felsic units but was not a controlling factor.
The plutonic units are relatively homogeneous in trace elements and each has a distinctly different composition. The Rietpoort and Rooivleitjie granites are similar in SiO 2 and many trace element abundances, but the Rooivleitjie samples are distinguished by high Rb (Fig. 6c) , high Nb and very low Y/Nb and Zr/Nb ratios (Fig. 7c,d ). The Sandkop syenite has low SiO 2 contents (60 to 61 wt.%), high Sr (Fig. 6e) and correspondingly moderate to low Rb and Zr (Fig. 6c,d ). The dyke rocks cover a wide compositional range and show much overlap, but still there are important differences between the two units. Concentrations of Rb (Fig. 6c ) and the high field-strength incompatible elements (represented by Zr, Fig. 6d ) increase systematically with SiO 2 in the Kerskloof suite, whereas the quartz porphyry dykes show more irregular variations. There is a weak negative correlation between Zr with silica in most of the quartz-porphyry dykes (< 1000 ppm Zr) and the Rietpoort granite, which is typical for high-silica magmas which become saturated in zircon. The continuous increase of Zr with SiO 2 shown by the Kerskloof dykes may relate to higher solubility of zircon in peralkaline magmas. The distinction of mafic units into two series based on the Y/Nb and Zr/Nb ratios (Fig. 7a,b) was noted above, and it appears that the felsic units also show this division (Fig.   7c,d ). There is much more scatter to the data and as pointed out, these elements are not perfectly incompible in high-silica granitic magma, nevertheless we note a clear tendency for low Y/Nb and Zr/Nb ratios in the Kerskloof dykes and high ratios of these elements in the quartz-porphyry dykes. Further evidence that the two groups of dykes represent separate magma series is given by their radiogenic isotope ratios (below).
The REE abundances and patterns of Koegel Fontein units are compared on chondrite-normalized diagrams (Sun and McDonough, 1989) in Figure 8 . The Rietpoort granite and quartz porphyry dykes ( Fig.   8a ) have similar REE patterns, with strong Eu anomalies and moderate LREE/HREE enrichment. The variation in REE abundance within this group of samples is extreme. Most dyke samples have higher REE contents than the granite, and some attain extremely high values of up to 300 ppm La and 30 ppm Yb (see appendix). Two atypical samples (CDB588 and CDB594) have lower REE abundances and flatter patterns, which resemble those of the Rooivleitjie granite (Fig. 8b) . The Kerskloof dykes and Sandkop syenite ( Fig.   8b ) are characterised by much weaker negative Eu anomalies than the Rietpoort and quartz porphyry dykes, but they have a similarly wide range of REE abundances reaching extremely high values. The syenites and three Kerskloof dyke samples are distinctive in their flat REE patterns and lack of Eu anomalies, which is consistent with their low degree of differentiation (SiO 2 = 56 to 62 wt.%). Finally, the Rooivleitjie granite (Fig. 8b) is distinct in terms of its low overall REE abundances, convex-upward pattern with a strong negative Eu anomaly. The similar patterns shown by two of quartz porphyry dykes suggest that they may be related to the same or similar magma, but the contrast in isotope ratios rules this out (Table 1) .
The Koegel Fontein felsic units have high concentrations of a group of trace elements, including Zr, Nb, Th, U and REE, which are typically enriched in anorogenic or within-plate granites worldwide. This characteristic is the basis for the "within-plate" designation on the tectonic discrimination diagrams of Pearce et al. (1984) and is one criterium for the "A-type" granites suggeted by Whalen et al. (1987) . The Rooivleitjie granite has Nb-dominated, A-1 signatures whereas the Rietpoort granite plots in the A-2 field, as do many but not all of the quartz-porphyry dykes. The inference that A-1 subtypes have a stronger input from the mantle and A-2 from the crust is supported by the contrasts in radiogenic isotope ratios described below.
Radiogenic isotopes
The focus of isotopic analyses is on the felsic magmas that dominate the Koegel Fontein Complex. The results of Sr, Nd and Pb analyses, parent-daughter element concentrations and calculated initial ratios are presented in Table 1 . Two samples of the Mesoproterozoic basement rocks (augen gneiss and granite gneiss)
were also analysed to provide data from the local crust for assessing the magma source. The syenites and Rietpoort granite have uniform Sr and Nd isotopic compositions, which contrast strongly from each other ( samples between 0.7128 and 0.7227, slightly lower than the Rietpoort granite (Fig. 10) . To summarize, the felsic units are clearly divided into two groups in terms of their Nd isotope ratios, one group including the alkaline-rich syenites, Rooivleitjie granite and Kerskloof dykes (εNd= -0.4 to -1.8); and the other including the Rietpoort granite and quartz-porphyry dykes (εNd= -4.9 to -6.9). The Sr isotope data are consistent with this grouping, with the exception of Kerskloof sample CDB552 which we attribute to secondary enrichment in radiogenic Sr by fluid interaction.
The Pb isotope compositions of the felsic units (measured ratios shown, Fig. 11 and it is likely that fluid interaction has affected both Sr and Pb in this rock. The other two samples show no special features in terms of Sr isotope ratio (Fig. 9) . The tendency of all units to cluster in Pb isotope composition whereas Nd and Sr isotopes show distinct groupings is consistent with the suggestion (see discussion) that the proportion of crust vs. mantle-derived sources is the first-order control on isotopic composition in this complex. The ratio of Pb concentration in crustal vs. mantle rocks (50-100 times higher)
is much larger than for Sr or Nd, making Pb isotope ratios much more sensitive to even minor crustal input.
Discussion
The aim of this study was to characterise the mafic and felsic intrusive units making up the Koegel Fontein complex within the regional context of breakup-related magmatism at the rifted continental margin of southern Africa. Detailed petrogenetic interpretations relating to magma genesis and evolution are beyond the scope of the present paper but we discuss the major implications of the geochemical and isotopic results for the origin of the Koegel Fontein complex and draw comparison with the contemporary and geologically similar anorogenic intrusive complexes in the Damaraland province of NW Namibia.
Relations of mafic and felsic units to genesis of the Koegel Fontein magmas
It was shown above that both the mafic and the felsic units from Koegel Fontein each comprise two compositionally distinct groupings. The best evidence for two genetically distinct magma series within the mafic units is the near-perfect discrimination of two groups based on incompatible trace element ratios Y/Nb and Zr/Nb (Fig. 7a, Granite and quartz-porphyry dykes. This is the same division suggested by trace element characteristics described above (e.g., Fig. 7c,d ). More conclusive is the division in terms of Nd-isotope ratios ( Pb plot, and signficantly, these arrays correspond reasonably well to the slope of Pb-growth curves for 135 Ma (gray lines). For the upper plot, growth curves are shown for two Th/U ratios. The data more closely fit the curve for Th/U = 4, which is the observed ratio in most of these samples.
The implication of this is that the spread in Pb isotope ratios of the main group of samples could result from a uniform starting composition of the magmas at 135 Ma, with subsequent, variable in-growth of radiogenic Pb in the different samples. Samples plotting above the reference lines may have experienced additional crustal assimilation or assimilation of older crustal materials having higher radiogenic Pb ratios.
The origin and evolution of the felsic magmas at Koegel Fontein was obviously complex, but the geologic setting and the Nd isotope data suggest that a fundamental aspect of it must be the relative contribution of mantle and crustal sources. This can be explored in a simple way using the Nd-isotope data if the problem is reduced to a two-component mix (DePaolo et al. 1992) . There are few data available from which to define the mantle and crustal Nd-isotope composition for Koegel Fontein magmatism. The crustal value is taken as -9 for εNd (at 135 Ma), is based on analyses in this study of two felsic gneisses from the Mesoproterozoic country rocks at Koegel Fontein For the mantle component we assume two possible values of εNd. The first is -1, based on the most primitive dolerite from the False Bay dyke swarm, which is related to the same magmatic episode as Koegel Fontein but located about 300 km to the south (Trumbull et al., 2007; Backeberg et al., 2011) . The other value is +4 based on data from late Cretaceous alkaline basalt and melilitite dykes from the Western Cape by Janney et al. (2002) . The mantle and crustal compositions so defined yield estimates for the proportions of crustal-derived Nd in the felsic units of between 68 -80 % in the Rietpoort granite, assuming εNd = +4 for the mantle, or 48 -68 % for the alternative mantle εNd of -1.
The crustal proportion in the other units ranges from 0 to 10% or 34 -45% depending on the assumed endmember compositions. The exact numbers have limited value because they are sensitive to the choice of end-member composition, but it is worth emphasizing that the Kerskloof dykes, syenite and Rooivleitjie granite have the same Nd isotope composition as olivine-tholeiite dykes from the False Bay swarm with 7 wt.% MgO.
Comparisons with the Damaraland complexes in NW Namibia
The association of tholeiitic and alkaline mafic dykes and plugs with dominantly felsic intrusive units at Koegel Fontein is a feature shared by many of the contemporary Damaraland Complexes in NW Namibia (Erongo, Paresis, Brandberg). In Namibia there is a consistent observation is that the mafic alkaline intrusions are younger than the tholeiitic units. This is the case for Okenyenya (Martinez et al., 1996) , Messum (Korn and Martin, 1954; Harris et al., 1999) , Paresis (Siedner, 1965; Mingram et al., 2000) , and
Erongo (Pirajno, 1990; Wigand et al., 2004) . The relative ages of the alkaline and tholeiitic dykes at Koegel Fontein are as yet unknown for lack of cross-cutting relationships and dating.
Petrogenetic studies of several Damaraland complexes have shown the highly proportion of mantlederived magmas in the granitic units (Schmitt et al., 2000; Mingram et al., 2000; Frindt et al., 2004) . Trumbull et al. (2004) showed that the Nd and oxygen isotopic compositions from these complexes can be explained at first order by a two-component mixing of crustal and mantle sources. Like Koegel Fontein, only very minor intrusions of dykes and plugs of mafic composition are exposed in the Damaraland granitic complexes. However, many of the complexes are associated with strong positive magnetic anomalies with which probably relate to mafic intrusions at depth. Good examples of these include Brandberg, Cape Cross, Erongo and Paresis (Eberle and Hutchins, 1996; Corner et al., 2002 , Bauer et al., 2003 . The positive magnetic anomaly centred on the Koegel Fontein complex (Fig. 2 inset) has not been interpreted by petrophysical modeling but a possibly close analogue may be the Brandberg granite, which has the same Ndisotope ratio as the Roovleitjie granite and syenite and is clearly derived from a mafic precursor (Schmitt et al., 2000) . Vietor et al. (2001) interpreted the Brandberg magnetic anomaly as resulting from a gabbroic layer intrusion beneath the granite.
Conclusions
The early Cretaceous Koegel Fontein intrusive complex is in many ways similar to the well-known and contemporary anorogenic ring complexes in the southern Etendeka province, Damaraland, in NW Namibia.
Koegel Fontein is mainly composed of high-level granite and syenite intrusions, accompanied by a large number of dykes and plugs of felsic and mafic composition. It is the only known complex of its kind to have formed south of Namibia during Gondwana continental breakup.
The felsic units from Koegel Fontein can be divided geologically into two intrusive events, and the results of this study suggest that the associated magmas were part of two compositional series. The earlier, (1975) . Data sources as in Figure   10 , and Reid et al. (1987; 1997) for Namaqualand felsic basement. 
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